Comment
The synthesis of 9,9
H -spirobi¯uorene (SBF) was ®rst reported by Clarkson & Gomberg in 1930 , and the ®rst single-crystal structure determination was reported four decades later by Schenk (1972) . Exhibiting D 2d point symmetry, SBF is an unusual structural motif, which has prompted its use in molecular recognition (Alcazar & Diederich 1992) and catalytic applications (Poriel et al., 2003) , and its incorporation into materials that exhibit unusual optoelectronic properties (Wong et al., 2002) . We have recently been interested in using SBF as a structural motif in molecular solids and report here the structures of two inclusion compounds, (I) and (II), incorporating benzene and biphenyl, respectively. In the course of our study, we also determined the structure of a new polymorph of SBF, (III).
One of our initial aims had been to prepare co-crystals of SBF and¯uorinated aromatics, including hexa¯uorobenzene, per¯uoronaphthalene and per¯uorobiphenyl, with the intention of investigating supramolecular structures akin to those derived from co-crystallization between planar hydro-and uoroaromatics. However, in no case did co-crystals between SBF and¯uoroaromatics result. We tentatively assigned this observation to repulsive (steric) interactions between SBF and uoroaromatics, preventing the attractive molecular electric quadrupole moment interactions that result in parallel stacking in many perhydro/per¯uoro aromatic co-crystals (Williams, 1993) . However, we rationalized that it may be possible to prepare inclusion compounds incorporating SBF and hydroaromatics, because the relative quadrupole moments would give rise to attractive edge-to-face electrostatic interactions (Lowden & Chandler 1974; Shi & Bartell 1988 ) that could be sterically accessible for SBF. Indeed, cocrystallization of SBF and the hydroaromatics benzene and biphenyl gave the inclusion compounds (I) and (II), respec- Figure 1 A view of the asymmetric unit of (I), showing the atom-numbering scheme and 50% probability displacement ellipsoids.
Figure 2
The hydrogen bonding in (I). Atoms marked with an asterisk (*) or a hash (#) are at the symmetry positions ( tively, which exhibit a range of edge-to face CÐHÁ Á Á%(arene) hydrogen bonds between the aromatic moieties.
The bond lengths and angles of the constituent molecules of (I)±(III) are not exceptional. Examination of the packing diagrams reveals structural motifs resulting from CÐ HÁ Á Á%(arene) interactions and, based on the CÐHÁ Á ÁA (A = acceptor) angles and HÁ Á ÁA bond lengths, these are considered here as weak hydrogen bonds.
Compound (I) contains one molecule of SBF and one molecule of benzene in the asymmetric unit (Fig. 1) . Hydrogen bonds are present between adjacent SBF molecules, resulting in an in®nite chain motif (Fig. 2) A view of the asymmetric unit of (II), showing the atom-numbering scheme and 50% probability displacement ellipsoids.
Figure 4
The hydrogen bonding in (II). Atoms marked with an asterisk (*), a hash (#) or a prime ( H ) are at the symmetry positions (1 À x, 1 À y, 2 À z), (1 À x, 2 À y, Àz) and (À1 + x, y, z), respectively.
Figure 5
A view of the asymmetric unit of (III), showing both SBF moieties and the atom-numbering scheme, with 50% probability displacement ellipsoids. directional bonding nor any short contacts between the chains. Hydrogen-bonding details are shown in Fig. 2 , and the distance between atom H4 in the molecule at (x, y, z) and Cg1 (the centroid of the C20±C25 benzene ring) in the symmetryrelated molecule at (À 1 2 + x, 1 2 À y, À 1 2 + z) is 2.67 A Ê (Table 1) . Compound (II) contains one molecule of SBF and one molecule of biphenyl in the asymmetric unit (Fig. 3) and exhibits several CÐHÁ Á Á%(arene) hydrogen-bonding motifs (Fig. 4) , which collectively result in a layered structure with planes parallel to the (011) direction (Table 2 ). In contrast with (I), adjacent SBF molecules at (x, y, z) and (1 À x, 1 À y, 2 À z) are connected via a pair of hydrogen bonds between atom H16 and the C2±C7 benzene ring (Fig. 4) , with a H16Á Á ÁCg2 (ring centroid of the C2±C7 ring) distance of 2.65 A Ê . Biphenyl distance of molecules connect SBF pairs via a series of CÐHÁ Á Á%-arene interactions. Atom H29 in a biphenyl molecule at (1 À x, 2 À y, 1 À z) interacts in an asymmetric hydrogen bond with the arene moiety C8±C13 (centroid Cg3) of an SBF molecule at (x, y, z). In addition, biphenyl±SBF hydrogen bonding is present between atoms H3 and C27 of an SBF molecule at (x, y, z), and atoms C22 and H28, respectively, of a biphenyl molecule at (x, y, z), connecting pairs of SBF molecules into a chain motif. The chains can then be interpreted as precursors to a layer in the [011] plane via interaction of SBF and biphenyl atoms.
Compound (III) contains two molecules of SBF in the asymmetric unit (Fig. 5) , in contrast to a single molecule observed by Schenk (1971) , which aggregates through very short intermolecular CÐC distances (3.22, 3.35 and 3.45 A Ê ) from edge±edge %-interactions between phenyl groups. The new polymorph, (III), does not exhibit short CÐC contacts, but SBF molecules of (III) participate in CÐHÁ Á Á% interactions to give centrosymmetric SBF dimers (Fig. 6) , with a H11AÁ Á ÁCg4 distance of 2.59 A Ê [Cg4 is the centroid of the C20A±C25A ring at (1 À xY ÀyY 1 À z); C11AÐH11A = 0.95 A Ê , C11AÁ Á ÁCg4 = 3.495 A Ê and C11AÐH11AÁ Á ÁCg4 = 160 ]. Examination of the packing shows that layers of discrete SBF dimers are present parallel to the bc plane, separated by layers of SBF molecules that do not exhibit directional bonding (Fig. 6) . In our study, all other solvent mixtures that we examined led to crystallization of the polymorph identi®ed by Schenk (1971) . This suggests that polymorph (III) is possibly metastable with respect to that described by Schenk (1971) .
It is anticipated that the weak hydrogen-bonding motifs observed in compounds (I)±(III) are likely to be an important factor in determining the structures of molecular solids derived from SBF.
Experimental
Single crystals of (I)±(III) were grown by slow evaporation of SBF (20 mg) dissolved in benzene for (I), in pentane containing 1 equivalent of biphenyl for (II), and in a 1:1 mixture of hexauorobenzene and dichloromethane for (III). All compounds melted in the range 470±473 K.
Compound (I)
Crystal data The hydrogen bonding in (III). Atoms marked with an asterisk (*), a hash (#) or a prime ( H ) are at the symmetry positions (1 À x, Ày, 1 À z), (x, 1 + y, z) and (1 À x, 1 À y, 1 À z), respectively. Table 1 Hydrogen-bond geometry (A Ê , ) for (I).
Cg1 is the centroid of the C20±C25 ring. 
Compound (II)
Crystal data For all compounds, data collection: SMART (Bruker, 2000) ; cell re®nement: SAINT-Plus (Bruker, 2000) ; data reduction: SAINTPlus; structure solution: SHELXS97 (Sheldrick, 1997); structure re®nement: SHELXL97 (Sheldrick, 1997); molecular graphics: CAMERON (Watkin et al., 1996) ; publication software: SHELXTL (Bruker, 2001) . Table 2 Hydrogen-bond geometry (A Ê , ) for (II).
Cg2 is the centroid of the C2±C7 ring and Cg3 is the centroid of the C8±C13 ring. 
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